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*c - *£.*r^#* C^tmzm ' Terahertz Phase Shifter or Retarder Based on 
Magnetically Controlled Birefringence in Liquid Crystals) 



The present invention enables a means of 
continuously shifting the phase of electromagnetic 
waves in the THz (0.1 to 10 THz, 1 THz = 10 12 Hz) 
or sub-millimeter wave range. It is based on 
magnetically controlled birefringence of liquid 
crystals. The device consists of an assembly of a 
liquid crystal cell and rotatable magnets. By 
varying the angle of the magnet with respect to 
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-X - %X&Wffi%r (%tW£t& ■ Terahertz Phase Shifter or Retarder Based on 
Magnetically Controlled Birefringence in Liquid Crystals) 

the incident THz wave, desired phase shift or 
delay can be achieved. To increase the amount of 
phase shift, the device employs multiple liquid 
crystal cells in a compact sandwich structure. 
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mifc-nte&n ' # jw # si mr m m m. & 

(Liquid Crysta 1 ) & i& $ T « ^ to ^ it (Phase Shift 
or Delay) £4 » V? ft & n (phase shifter) » « 4£ & # 
ft$:(THz, 1 THz = 10 12 Hz) « * ft * « * ft ^ ^ jfc 

2 . & «. * 

i£ l& & ' & &<£&£.#t&rtJ6ffl a £ ' ^fi-^iiift 

# ' * » *"J n 2 "J ^ * ft 75 M. Ifr & % % ft 43fc - ift * . 
*#ft«.«*fcft6«H6/li*fc^ ' S 4r ft * & <* *'J ^tiL 
*fe " ii-r^* ' *^fr4*^#ftt8&#ft&#r-^,&a & & 
& ' Bf ^ 4g If ^ ^ $J (Time-Domain Spectroscopy) - & 

# ft ^ lit (THz Imaging) A ft #( Medical ) IT ® ^ M ft » *P 
II ftj & # ft & A #j # ^ 5# i7 ' iTq THz it m ^- 4a ^ W it a 
#f*.£.J?f-£tt£#3ri$j • X it m ffl ^ ^THz & ^ rt # > *» 



* ^ #fc ft A * # ft fe, ffl ^ # * * # ft ft -a ' *"K. C. Lim, 
#^1993#-8^^-^l ^Appl. Phys. Le 1 1 L i qu i d 
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crystal millimeter wave electronic phase shifter" 

; Lim Khoon C. # ^ ^ m ^ *'J H? 3£5, 1 84, 233 Mi * - Lim 
Khoon-Cheng * H ■* *I * * 5 , 5 3 7 , 2 4 2 ft $ & * * * 4* 
Ail* #4«Bii6**t#it4ft : # j& # # *n # 
bulk ; ffq ^ J# A m it* a B a ^^^^lt • Das 

Satyendranath ^ * a * #»J # $ 5, 451, 567**4* #lffi4R 
« # ^ ' 4* it m ^RF ^ * • Mercer Carolyn R ^ m -f- *'J 
* $ 5, 689, 31 4 ft * A - -f- * A ' * t ffl «. It, # * # * 
H . £l £ jt -fi: * »T it & & S ° Freederic Gue i n #M 9 9 7 ^ 7 
Ji#*^Jpn. J. Appl. Phys. Part 1, 36 (7A)4L " 
Modeling, Synthesis and Characterization of a 
Millimeter-Wave Multilayer Microstrip Liquid 
Crystal Phase Shifter" 4l $ jft - jfe /£ B a a & t£ s£ # 
^ Silt ' ^itffi*.******. ' 36 ^ it ffl * * * 
& 0 Hideo Fu j ikake #^2001 #-5^#*^J. Appl . 
Phys. 89 (10)^L"Thick po 1 ymer- stab i 1 i zed liquid 
crystal films for microwave phase control" Jl S£ 
^t B U^{l#*f ' If ill^tii* °I, H. Libon, 
S # ^2000 ^ # * ^Appl. Phys. Lett. 76, 2821 4L" An 
optically controllable terahertz filter" -S.R. 
Kersting, G. ^2000 #--fsK^i ^Electron. Lett. 36, 1156 
^ " Terahertz phase modulator" & #J *'J m ^ n tf) * 

a 3§ * a >si &j m ft a & ; « _t ^ ^ % m f i #j : * *a 
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